Rheumatoid arthritis (RA) is one of the most commonly occurring form of inflammatory polyarthritis. If untreated,
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Within the last decade, treatment options for RA patients have improved dramatically. Treatment focus has shifted to early intervention with aggressive treatment aimed at suppressing inflammation and preventing further joint damage. Accumulating evidence indicates that early introduction of methotrexate (MTX) therapy in undifferentiated arthritis patients seropositive for anti-CCP delays progression to clinically overt RA and retards the development of joint destruction 2, 3 . However, initiation of treatment without a confirmed diagnosis of RA is inappropriate for at least half of patients with undifferentiated arthritis, as therapies are potentially toxic and costly. 4 Therefore, serological diagnostic testing is of growing importance in the early detection and differentiation of rheumatoid arthritis. Apart from the traditional detection of the For Correspondence: nmohannad@yahoo.com rheumatoid factor, new specific autoantibodies to citrullinated antigens have made a crucial contribution to the diagnosis of RA. 5 Citrullination is a post-translation modification whereby the amino acid arginine is modified to the non-standard residue (citrulline). This is done by the enzyme peptidyl arginine deiminase (PAD) in the presence of calcium 6 . PAD4 is localized in the cytoplasm of monocyte, T and B cells, neutrophil, eosinophils and NK cells and can move to the nucleus upon cell activation. It plays a physiological role in gene regulation via citrullination of histones. In RA, PAD4 contributes to the generation of anti-citrullinated peptide antibodies (ACPA) specific substrates and is itself a target of autoantibodies 7 . Autoantibodies against PAD-4 have been described as a specific biomarker in subjects with clinically apparent RA 8 . This process is likely to be of significance in patients with RA given the established association of ACPAs with disease presence and activity. 9 Several studies have identified an association between genetic polymorphisms of the PAD 4 gene and RA, although it has not been confirmed across all racial and ethnic groups [10] [11] [12] [13] [14] . Moreover, researchers demonstrated the presence of specific anti-PAD-4 antibodies in patients with RA, as well as association with disease activity 15 .
Original Article
In this study we tested the presence of anti-PAD 4 antibodies in 40 Egyptian subjects with RA and their relatives in order to determine the role it may play in early disease evolution. In addition, we aimed to describe the Anti-PAD4 relation to anti-CCP autoimmunity, and potential associations with a more severe RA phenotype.
SUBJECTS AND METHODS
A case-control study comprising early diagnosed RA patients (less than 2 years disease duration) was carried out in Alexandria, Egypt. The study was carried out on total of 100 subjects divided into; 40 RA patients, 40 of first degree relatives (sister or brother) of RA patients and 20 matched controls. Rheumatoid patients were recruited from rheumatology outpatient clinic of Alexandria main university hospital. All patients fulfilled the revised American College of Rheumatology (ACR) criteria for RA 16 . Criteria for exclusion from the study included history of renal, cardiac or liver dysfunction.
All subjects were exposed to full clinical examination including the tender joint count, swollen joint count and DAS 28 was calculated.
After overnight fasting venous blood sample was obtained for clinical investigations which include; Complete blood picture, Blood urea and serum creatinine, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Rheumatoid Factor (RF), Anti-CCP and anti-PAD 4 antibody level.
Anti-PAD4 Autoantibody EIA Kit (Cayman, USA) is an immunometric assay which can be used to measure anti-PAD4 autoantibodies of any isotype (IgM, IgG, and IgA) in human plasma and serum without prior sample purification. Affinity-purified PAD4 autoantibody isolated from the plasma of a patient with RA is used as the standard. One unit is approximately equal to 1 ng of anti-PAD4 Ig protein.
Statistical analysis was done using the SPSS software package version 17.0 to obtain the mean, the standard deviation; the standard error for comparison between the different groups involved in this study using one way analysis of variance (ANOVA).
RESULTS
Regarding sex, age and BMI, the subjects in each group were matched (Table 1 ). There was a highly significant increase in ESR, RF and CRP in RA patients than control subjects (Table 1) . Although ESR, RF and CRP were significantly increased in relative group than control group, yet, their values still within the normal clinical range. Other laboratory parameters as liver , renal functions and FBG showed no significant differences between the studied groups. Table ( 2) summarize the different features of RA patients including DAS28, RF, ESR, CRP, duration of morning stiffness (min) and disease duration (months).
Figure (1) represents the results of serum level of Anti-PAD4. It appears that RA patients have a significantly higher level of Anti-PAD4 than control subjects. However , female relatives of RA patients have significantly higher level of Anti-PAD4 than control values, yet, male relatives showed no significant change. Although the level of Anti-PAD4 showed higher levels in females than males in RA patients and their relatives, these differences didn't reach the level of significance ( Figure 1 ). Figure ( 2) represents the results of serum level of Anti-CCP which showed significant elevated level in RA patients compared to control subjects. Female and male relatives of RA patients have no significant change in Anti-CCP level compared to control values.
The sensitivity and specificity of AntiPAD4 and Anti-CCP are presented in Tables (3) and (4), respectively. The sensitivity of Anti-CCP was 87.5%, and the anti-PAD4 was 60.0%, the sensitivity rose to be 97.5% for combined positivity of anti-PAD4 and Anti-CCP. The specificity of anti-CCP was 95.0% and for anti-PAD4 was also 95.0%, the specificity of both markers together reached 100%.
The RA patients were divided into two categories according to the positivity for Anti-PAD4 (Table 5 ). There was no significant difference between positive and negative patients regarding the DAS28, ESR, CRP and disease duration. The rheumatoid factor and Anti-CCP showed significant higher levels in positive anti-PAD4 patients than the negative patients. When the patients categorized according to the positivity for Anti-CCP (Table 6 ) no significant difference was observed between positive and negative patients regarding the DAS28, ESR, CRP, morning stiffness and disease duration. Rheumatoid factor showed significant higher level in positive anti-PAD4 patients than the negative ones (p=0.001). Also, Anti-CCP positive patients had significant longer duration of morning stiffness than negative patients (p<0.05).
Serum level of Anti-PAD4 in RA patients was positively correlated with DAS28 (Figure 3 ), Anti-CCP (Figure 4) , and RF levels ( Figure 5 ). 
DISCUSSION
Our results clearly indicated that the serum level of anti-PAD4 antibodies is significantly elevated in RA patients; sixty percent are Anti-PAD4 positive while only five percent is positive in the control group. Anti-PAD4 shows sensitivity of 60% and specificity of 95% (Tables 5, 6 and 7) . Also, the relatives of RA patients show a significantly higher level of Anti-PAD4 antibodies than control subjects which may imply that those relatives who apparently normal may develop RA with time or are at risk of progression to clinical overt RA by time.
The correlation studies of our data indicate a significantly positive correlation between the serum level of anti-PAD4 antibodies and the DAS 28 score as a measure of disease activity. Also, anti-PAD4 antibodies show a strong positive correlation with the conventional diagnostic markers; anti-CCP and RF.
In line with our results many studies have implicated anti-PAD4 antibodies in the progression of the RA disease. Kolfenbach et al. 17 documented that autoantibodies against the PAD-4 enzyme are present in the prediagnosis period and could be specific for the future development of RA. The same study also reported the presence of positive association between anti-PAD-4 antibody and anti-CCP antibody 17 . Anti-PAD-4 antibodies were evident as early as four years prior to clinical diagnosis, similar to findings reported in other studies for pre-clinical anti-CCP and RF [18] [19] [20] [21] [22] . The first association between PAD4 and RA was reported in a Japanese population 9 and similar results were found in some European and North American populations 12, 23 . While, other studies using European populations were inconsistent 11,13,24-25 .
Nissinen, et al. 26 showed that anti-PAD antibody had been detected in sera from patients with RA, SLE, and Primary Sjogren Syndrome, which lead them to suggest that PAD may be a novel autoantigen in inflammatory rheumatic diseases. Roth, et al. 27 also observed a significantly increased frequency of anti-PAD among RA patients (31%) compared to controls (3.4%), and found a correlation between anti-PAD and anti-CCP antibody levels 27 . Takizawa, et al found that, the prevalence and the titers of anti-PAD4 were significantly higher in RA patients than in other rheumatic disease patients and controls; 21 out of the 42 patients with RA (50%), 2 of 19 with SLE (10.5%), 1 of 23 with other collagen diseases (4.3%), and 1 of 40 healthy controls (2.5%) were seropositive for anti-PAD4. These indicate that PAD4 may act as an autoantigen in some patients with RA 28 . In line with these, a large cohort of Chinese RA patients by Zhao et al. 15 found the prevalence and titers of anti-PAD4 were higher in RA than in other rheumatic diseases and healthy individuals. Although the sensitivity of anti-PAD4 was only 45.0%, the specificity did reach 93.5% which were comparable to our results (95%). They also found positive correlation between Anti-PAD4 and DAS28, and Anti-CCP. Also, RA patients with anti-PAD4 showed more severe radiographic changes than patients without anti-PAD4 in a transversal radiographic assessment. All of these studies confirm our results of significantly elevated levels of Anti-CCP and RF in AntiPAD4 positive patients than negative patients.
The correlation between anti-PAD4 and anti-CCP antibody may indicate that both antibodies may play roles in the pathogenesis of RA. The mechanism of breakdown of the immunological tolerance to PAD4 in RA remains unknown. One possible mechanism suggest that anti-PAD4 is formed after the production of anti-CCP antibody by epitope spreading. After the generation of immune response to citrullinated proteins, immune tolerance to the enzyme PAD4 can also be broken since they act as an enzyme and substrates. Another mechanism suggest that; PAD4 acts as an autoantigen separately. The overexpression of PAD4 in RA patients may leads to the breakdown of immunological tolerance to PAD4 and production of anti-PAD4. On the other hand, as more PAD4 enzymes are being produced, this leads to increased citrullination of proteins and an increased chance of developing anti-CCP antibodies. The mechanism of how the anti-PAD4 and anti-CCP antibodies contribute to perpetuation of the inflammation and the chronicity of RA remains to be explained 27 . In addition, we observed that 5 of 40 (12.5%) patients with RA are anti-CCP negative 4 of them are anti-PAD4-positive. These results indicated that anti-PAD4 may be helpful for the diagnosis of RA patients lacking anti-CCP. This suggestion is supported by our analysis, which indicated that the sensitivity of anti-PAD4 and anti-CCP alone are 60 and 87.5% respectively while if both tests are combined the sensitivity increased to be 97.5%.
The observed low sensitivity of anti-PAD4 may be due to autoantibody reversion over time to a seronegative status. It was documented that the percentage of subjects with anti-PAD-4 reversion was higher than either anti-CCP or RF 17 . Studies on RA patients have shown declining RF and anti-CCP antibody titers with good clinical response to ongoing therapy 29, 30 . The loss of seropositivity during the postdiagnosis period may reflect improved disease control, which may be the case in our study as most RA patients enrolled in this study are chronic and all of them received methotrexate treatment.
There is a mutual influence of Anti-PAD4 autoantibody and PAD4 enzyme function. The binding of anti-PAD4 to PAD4 enzyme may have loss-or gain-of function. The loss-of-function could result in the enzyme inhibition and decreased levels of protein citrullination. On the other hand, antibody binding could lead to altered substrate specificities and increase protein citrullination which enhance the autoimmune activation and account for the association between PAD-4 antibody and increased disease activity, and advanced radiographic progression 15, 31, 32 . Auger et. al. has provided insight into this area by demonstrating that autoantibodies to PAD-4 can inhibit PAD-4 mediated citrullination 33 . These suggestions remain an area where additional research is necessary. Recently, many small PAD4 inhibitor was developed to treat RA and also cancer 34 . In summary, the serum level of Anti-PAD4 is increased in Egyptian RA patients and their relatives and has a positive association with disease activity. Also its level together with Anti-CCP provides a good diagnostic tool of RA. A large cohort study will be of great value to confirm these results and further studies of the molecular mechanism of anti-PAD4 production will be of great significance in understanding the pathogenesis of RA
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